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MEDICAL APPARATUS GUIDING SYSTEM 

This application claims benefit of Japanese Application 
Nos. 2003-27476 filed on February 4, 2003 and 2004-17606 
filed on January 26, 2004 , the contents of which are 
incorporated by this reference. 

BAC^KbffoGND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a medical apparatus 
guiding system which rotates, advances, and guides a medical 
apparatus main body inserted in the body cavity by using 
magnetic means or the like. 

2. Description of the Related Art 

As a first conventional art, Japanese Patent No. 
3017770 discloses a medical apparatus for magnetic guide in 
a sample. 

According to the first conventional art, the medical 
apparatus comprises a guided portion which is magnetically 
guided in at least one part of an inserting portion that is 
inserted in the sample. Further, the medical apparatus 
comprises magnetic force generating means arranged to the 
outside of the sample and moving means. The movement of the 
guided portion matches that of the medical apparatus in one 
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guided direction by the magnetic force generating means. 
However, in the direction which is not controlled for 
matching the movements between them, the moving means moves 
the magnetic force generating means. 

Here, Japanese Patent No. 3017770 further discloses a 
method for magnetically guiding a capsule endoscope or a 
normal endoscope inserting portion. Furthermore, it 
discloses a method for vibrating the endoscope inserting 
portion by an AC magnetic field or for rotating and guiding 
the capsule endoscope. 

As a second conventional art, Japanese Unexamined 
Patent Application Publication No. 2001-179700 discloses a 
medical apparatus comprising a magnetic field generating 
unit which generates a rotating magnetic field, and a robot 
main body which obtains thrust by receiving the rotating 
magnetic field and rotating it, wherein the rotating 
magnetic field surface can be changed in the predetermined 
direction on the three-dimensional space. 

Further, Japanese Unexamined Patent Application 
Publication No. 2001-179700 discloses a thrust generating 
unit which is formed by arranging, to the robot main body, 
mechanical means such as a spiral and a screw suitable to 
the advance in the fluid and a thrust generating unit which 
is formed by arranging a drill unit at the front edge and 
the rear edge of the robot main body so as to enable the 
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movement thereof if a solid material or gel material exists 
in the advancing direction. 

SUMMARY OF THE INVENTION 

According to the present invention, a medical apparatus 
guiding system includes : 

a medical apparatus having a medical apparatus main 
body inserted in the body cavity and a thrust generating 
mechanism arranged to the medical apparatus main body; 

an information providing unit comprising at least one 
of a storing unit for storing a state of the thrust 
generating mechanism and a direction detecting unit for 
detecting the direction of the medical apparatus main body; 

an input unit which instructs a thrust generating 
direction of the thrust generating mechanism; and 

a control unit which changes a thrust generating state 
of the thrust generating mechanism based on information from 
the information providing unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 to 13 relate to the first embodiment of the 
present invention , Fig. 1 is a block diagram showing the 
inner structure of units in a capsule medical apparatus 
guiding system according to the first embodiment; 

Fig. 2 is a diagram showing the entire structure of the 
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capsule medical apparatus guiding system; 

Figs. 3A and 3B are a side view and a front view of a 
capsule main body, respectively; 

Fig. 4A is a perspective view showing the structure of 
an operation input unit; 

Fig. 4B is a side view showing the structure of an 
operation input unit according to one modification; 

Fig. 4C is a diagram showing a foot switch in place of 
a stick shown in Fig. 4A; 

Fig. 5A is a diagram showing a coordinate system of a 
normal-vector direction of the rotating surface of a 
rot at ing Magnet ic f iled ; 

Fig. 5B is a diagram showing the advancing direction of 
a capsule main body upon inclining a joystick; 

Fig. 5C is a diagram showing the rotating direction 
upon inclining forward and backward a stick; 

Fig. 6A is a diagram showing the structure excluding a 
function button shown in Fig. 4B according to another 
modification; 

Fig. 6B is a diagram showing the advancing direction of 
a capsule main body upon inclining the joystick; 

Fig. 6C is an explanatory diagram showing the capsule 
main body and the advancing direction of the capsule main 
body on the three-dimensional coordinate system; 

Figs. 7A and 7B are diagrams showing the time change of 
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a magnetic field component upon applying the rotating 
magnetic field and stopping it, respectively; 

Fig. 8 is an explanatory diagram showing the change 
state of the rotating magnetic field upon applying the 
rotating magnetic field; 

Fig. 9 is a flowchart showing a part of processing for 
setting and displaying the up direction of the image display 
in the specific direction upon rotating the capsule main 
body; 

Fig. 10 is a flowchart showing the remaining processing 
contents (shown in Fig. 9; 

Fig.; 11 is an explanatory diagram of the operations 
shown in Figs. 9 and 10; 

Fig. 12 is an explanatory diagram of an operating 
method using GUI; 

Fig. 13 is a flowchart for explaining the operation of 
a control device in accordance with the time passage; 

Figs. 14 to 18 relate to the second embodiment of the 
present invention, Fig. 14 is a block diagram showing the 
inner structure of units in a capsule medical apparatus 
guiding system according to the second embodiment; 

Fig. 15 is a side view of a capsule main body; 

Fig. 16 is a diagram showing a display example of a 
display device; 

Fig. 17 is an explanatory diagram of the operation; and 
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Figs. 18A and 18B are side view and a front view 
showing the structure of a capsule medical apparatus 
according to a modification. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinbelow, embodiments of the present invention will 

be described with reference to the drawings. 
(First embodiment) 

The first embodiment of the present invention will be 
described with reference to Figs. 1 to 13. 

Referring to Figs. 1 and 2, a capsule medical apparatus 
guiding system 1 according to the first embodiment of the 
present invention comprises: a capsule medical apparatus 
main body 3 (hereinafter, abbreviated to a capsule main 
body) which is inserted in the body cavity of a patient (not 
shown) and which functions as a capsule endoscope that picks 
up an image of the body cavity; a rotating magnetic field 
generating device 4 which is extracorporeally arranged 
around the patient and which applies a rotating magnetic 
field to the capsule main body 3; a magnetic force control 
device (or power supply control device) 5 which controls the 
operation for supplying driving current that generates the 
rotating magnetic field in the rotating magnetic field 
generating device 4; a processing device 6 which is 
extracorporeally arranged to the patient, performs the 
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processing for radio communication with the capsule main 
body 3, and controls the magnetic field control device 5 so 
as to control the direction and the level of the rotating 
magnetic field applied to the capsule main body 3; a display 
device 7 which is connected to the processing device 6 and 
which displays an image picked up by the capsule main body 
3 ; and an operation input unit 8 for instructing and 
inputting an instructing signal corresponding to the 
operation which is performed by an operator, including a 
direction input portion 8a which generates the instructing 
signal in the magnetic field direction, a speed input unit 
8b which generates the instructing signal of the rotating 
magnetic field of a rotating frequency corresponding to the 
operation, and a function button 8c which generates the 
instructing signal corresponding to a set function such as 
the generation of the de-centered rotating magnetic field 
corresponding to the operation. 

Referring to Fig. 3A, the capsule main body 3 has a 
spiral projection (or a screw portion) 12 as a thrust 
generating structure unit which generates the thrust by 
rotating a capsule exterior container 11 on the outer 
peripheral surface thereof. Further, the inner portion 
sealed by the exterior container 11 has an objective optical 
system 13, an image pick-up element 14 which is arranged to 
the image forming position of the objective optical system 



- 8 - 



13 , an illuminating element 15 for illumination for the 
purpose of the image pick-up operation (refer to Fig. 1), 
and a magnet 16. 

Referring to Fig. 3A, the objective optical system 13 
is arranged in a semispherical and transparent edge cover 
11a in the exterior container 11 so that the optical axis of 
the objective optical system 13 matches a center axis C of 
the cylindrical capsule main body 3. Referring to Fig. 3B, 
the center portion of the edge cover 11a becomes an 
observing window 17. Although not shown in Figs. 3A and 3B, 
the illuminating element 15 is arranged around the objective 
optical System 13. 

In this case, the f ield-of-view direction of the 
objective optical system 13 becomes the optical axis of the 
objective optical system 13 , that is, the direction along 
the center axis C of the cylindrical capsule main body 3. 

Referring to Fig. 3A, the magnet 16 arranged near the 
center of the capsule main body 3 in the longitudinal 
direction thereof has the N pole and S pole in the direction 
perpendicular to the center axis C. In this case, the 
center of the magnet 16 is arranged matching the barycentric 
position of the capsule main body 3. Upon applying the 
magnetic field from the outside, the center of the magnetic 
force which operates to the magnet 16 becomes the 
barycentric position of the capsule main body 3, and the 
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capsule main body 3 smoothly advances with the magnetic 
force. 

Referring to Fig. 3B, the magnet 16 is arranged 
matching the specific arranging direction of the image pick- 
up element 14. 

That is, the up direction upon displaying the image 
picked up by the image pick-up element 14 is set in the 
direction to the N pole from the S pole of the magnet 16. 

By applying the rotating magnetic field to the capsule 
main body 3 by the rotating magnetic field generating device 
4, the magnet 16 is magnetically rotated. Then, the capsule 
main body 3 which fixes the magnet 16 therein is rotated 
together with the magnet 16. In this case, the spiral 
projection 12 arranged to the outer peripheral surface of 
the capsule main body 3 is in contact with the inner wall of 
the body cavity and is rotated to advance the capsule main 
body 3 . 

As mentioned above, upon controlling the capsule main 
body 3 including the magnet 16 by the external magnetic 
field, it is known which direction is the up direction of 
the image picked up by the capsule main body 3 from the 
direction of the external magnetic field. 

Referring to Fig. 1, the capsule main body 3 comprises: 
the objective optical system 13; the image pick-up element 
14; the magnet 16; a signal processing circuit 20 which 
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performs the signal processing of the signal picked up by 
the image pick-up element 14; a memory 21 which temporarily 
stores a digital video signal -generated by the signal 
processing circuit 20; a radio circuit 22 which modulates 
the video signal read from the memory 21 by a high-frequency 
signal, converts the modulated into a signal suitable for 
radio transmission, and demodulates a control signal 
transmitted from the processing device 6; a capsule control 
circuit 23 which controls the capsule main body 3 including 
the signal processing circuit 20 and the like; and a battery 
24 whicfr supplies power for operation to an electric system 
in the capsule main body 3 including the signal processing 
circuit 20 and the like. 

The processing device 6 for radio communication with 
the capsule main body 3 comprises: a radio circuit 25 which 
communicates with the radio circuit 23 by radio waves; a 
data processing circuit 2 6 which is connected to the radio 
circuit 25 and performs the data processing including image 
display operation of image data transmitted from the capsule 
main body 3; a control circuit 27 which controls the data 
processing circuit 26 and the power supply control device 5; 
a storing circuit 28 which stores the state of the rotating 
magnetic field generated by the rotating magnetic field 
generating device 4 via the power supply control device 5, 
specifically, information on the direction of a normal 



vector of the rotating magnetic field (abbreviated to the 
direction of the rotating magnetic field) and on the 
direction of the magnetic field forming the rotating 
magnetic field; and a setting circuit 29 which sets the 
function of the function button 8c. The display device 7 is 
connected to the data processing circuit 2 6 and displays the 
image which is picked up by the image pick-up element 14 and 
is processed by the data processing circuit 26 via the radio 
circuits 22 and 25. The display device 7 is further 
connected to the control circuit 27 to display the current 
state of/ the rotating magnetic field and the state of the 
function setting . 

The control circuit 2 7 receives instructing signals 
corresponding to the operation from the direction input 
device 8a, the speed input device 8b, and the function 
button 8c which form the operating input device 8, and 
executes the control operation in accordance with the 
instructing signals. 

The control circuit 27 is connected to the storing 
circuit 28 to continuously store, in the storing circuit 28, 
the information on the direction of the magnetic field and 
on the direction of the rotating magnetic field generated by 
the rotating magnetic field generating device 4 via the 
magnetic field control device 5 . 

After that, in the operation for changing the direction 
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of the rotating magnetic field and the direction of the 
magnetic field, the control circuit 2 7 continuously changes 
the direction of the rotating magnetic field and the 
direction of the magnetic field by referring to the 
information stored in the storing circuit 28 , and further 
smoothly changes the direction of the rotating magnetic 
field and the direction of the magnetic field. The storing 
circuit 2 8 forms information providing means upon the 
control operation for changing the rotating magnetic field 
of the control circuit 2 7 to the state corresponding to the 
instructing signals. The storing circuit 28 may be arranged 
in the control circuit 27. 

The magnetic field control device 5 connected to the 
control circuit 2 7 generates AC current, and has an AC 
current generating and control unit 31 comprising three AC 
current generating and control circuits for generating AC 
current and controlling the frequency and the phase and a 
driver unit 32 comprising three drivers for amplifying the 
AC current. Output current of the three drivers are 
supplied to three electromagnets 33a to 33c forming the 
rotating magnetic field generating device 4. 

The three electromagnets 33a to 33c comprise a pair of 
air-core coils facing each other, respectively, and are 
substantially perpendicular to each other. A uniform 
magnetic field is generated in the space between the facing 
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coils and therefore the magnetic field is generated in the 
arbitrary direction with the above-mentioned structure. 
Preferably, the facing coils form Helmholtz coils . — 

In this case, referring to Fig. 2, the electromagnets 
33a to 33c are arranged to generate the magnetic field in 
three perpendicular-axial directions. Preferably, the 
electromagnets 33a to 33c comprise a pair of air-core coils 
facing each other, respectively, and are arranged 
perpendicularly to each other. A uniform magnetic field is 
generated in the space between the facing coils and 
therefore the magnetic field is generated in the arbitrary 
direction with the above-mentioned structure. More 
preferably, the facing coils form Helmholtz coils. 

Referring to Fig. 4A, the instructing signal for the 
magnetic field direction is generated by operating the 
direction input device 8a forming the operation input device 
8, the instructing signal for the rotating magnetic field of 
the rotating frequency is generated corresponding to the 
operation of speed input device 8b, and the de-centered 
rotating magnetic field is generated (refer to Fig. 9) by 
operating the function button 8c. 

Specifically, the operation input device 8 comprises 
the direction input device 8a comprising a joystick Sa 
projected in the up direction of the top surface of an 
operating case, the speed input device 8b comprising a stick 
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Sb, and the function button 8c comprising, for example , two 
buttons Ta and Tb. 

Referring to Fig. 5A, the perpendicular coordinate 
system is set and the direction of a normal vector N of the 
rotating surface of the rotating magnetic field is indicated. 
Then, the direction of the normal vector N is the advancing 
direction of the capsule main body 3, and is set by 
inclining the joystick Sa. 

In this case, referring to Fig. 5B, the joystick Sa is 
inclined in the forward, backward, left, and right 
direct iohs, thereby changing the advancing direction to the 
down, up, left, and right sides. The inclination amount in 
this case corresponds to the speed of angle change. By 
inclining the joystick Sa in the middle direction (e.g., 
lower left direction or upper right direction), the 
advancing direction of the joystick Sa is changed in the 
corresponding direction. 

Referring to Fig. 5C, by inclining the stick Sb to the 
forward and backward sides, the rotating direction is set to 
the forward and backward sides, and the rotating frequency 
is changed at the inclination angle. 

By the button Ta, the instructing signal for starting 
the de-center of the generated rotating magnetic field is 
generated so as to de-center the direction of the rotating 
magnetic field (that is, conically change the direction of 
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the rotating magnetic field to de-center the direction of 
the rotating magnetic field from one direction by a de- 
centering angle) and, then, the magnet 16 included in the 
capsule main body 3 starts so-called jiggling (rotation so 
that the spindle of a spinning top is jiggled). 

Therefore, the button Ta functions as the instructing 
signal for starting the jiggling, and the button Tb 
generates the instructing signal for stopping the de-center 
of the rotating magnetic field, that is, instructing signal 
for stopping the jiggling. A function of the setting 
circuit 29 presets the strength of magnetic field, a value 
of an angle (angle <j>, which will be described later) in the 
case of instructing the jiggling and the setting of the 
frequency for jiggling. This setting may arbitrarily be 
changed while checking the display device 7 by the operator. 

Referring to Fig. 4B, according to one modification, 
the operation input device 8 shown in Fig. 4A may have a 
lever La which can be inclined to the top of a joystick Sc 
and which changes the rotating speed of the capsule main 
body 3 by changing the rotating frequency of the rotating 
magnetic field depending on the amount of inclination, a 
button Tc which instructs the rotating direction of the 
rotating magnetic field by the ON /OFF operation, and a 
function button Td (in the case of one function button Td, 
having a function for switching from OFF to ON and for 
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switching from ON to OFF) as the de-centering function of 
the rotating magnetic field. 

Then, the operation input device 8 can be operated by 
the one hand and the operability is improved as compared 
with the case of both-hand operation as shown in Fig. 4A. 

Referring to Fig. 4A, a foot switch F shown in Fig. 4C 
may be used in place of the stick Sb and the rotating 
frequency may be changed by the pressing amount. In 
addition to the joystick and the foot switch, the operation 
input unit 8 may comprise a personal computer and the 
operation may be performed by using a mouse, keyboard, and 
GUI (graphical user interface). 

Further, in this case, the operability is improved by 
displaying the GUI on the display device 7. For example, a 
cursor is placed on the image obtained by the capsule main 
body and the cursor instructs the desired direction of the 
capsule main body, thereby instructing the advancing 
direction of the capsule. 

In this case, the distance from the center of the image 
to the cursor corresponds to the speed for changing the 
direction of the capsule main body and thus the operability 
is further improved. This operation will be described with 
reference to Fig. 12. Fig. 12 shows an image 71 obtained by 
the capsule main body, arranging a cursor 72 in the center 
of the image 71. 



Then, when the direction of the capsule main body is 
changed to a direction A by the operator as shown in Fig. 12 
the cursor 72 is moved in the direction A by a mouse (not 
shown), thereby generating the similar signal upon operating 
the joystick Sc by a personal computer (not shown) and 
transmitting the generated signal to the control circuit 27. 

Figs. 6A to 6C show explanatory diagrams of the 
operating functions in the case of using the joystick Sc 
shown in Fig. 4B. Fig. 6A shows an example of the structure 
excluding the function button Td shown in Fig. 4B, Fig. 6B 
shows a function for changing the advancing direction by 
inclining the joystick Sc, and Fig. 6C shows an explanatory 
diagram of the operation for actually changing the advancing 
direction of the capsule main body 3. 

In this case, Fig. 6B shows the function for changing 
the direction for generating the rotating magnetic field by 
the inclination of the joystick Sc shown in Fig. 6A and for 
further changing the moving direction of the capsule main 
body 3. According to the first embodiment, referring to Fig 
6B (or Fig. 5B), the direction for generating the rotating 
magnetic field is controlled so that the capsule main body 3 
moves in the direction for inclining the joystick Sc. 

Further, the direction for generating the rotating 
magnetic field (inverse rotation of the advancing) is 
controlled by changing the rotating frequency with the 
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inclination amount of the lever La so that the capsule main 
body moves forward when the button Tc is OFF and it moves 
backward when it is ON, 

Referring to Fig. 6B, in order to smoothly change the 
advancing direction, the state of the capsule main body 3 or 
state of the rotating magnetic field always needs to be 
grasped. According to the first embodiment , the state of 
the rotating magnetic field (specifically, the direction of 
the rotating magnetic field and direction of the magnetic 
field) is always stored in the storing circuit 28. 

Specifically, the control circuit 27 receives the 
operation instructing signal in the operation input unit 8 
as first operation-input-means shown in Fig. 1, and outputs 
the control signal for generating the rotating magnetic 
field corresponding to the instructing signal to the 
magnetic field control device 5. Further, the control 
circuit 27 stores the information on the direction of the 
rotating magnetic field and on the direction of the magnetic 
field into the storing circuit 28. 

The specific operation will be described with reference 
to a flowchart shown in Fig. 13. Referring to Fig. 13, the 
ordinate indicates the time passage. Steps S21 to S25 
indicate the operation steps of the control circuit 27. 
First, in step S21, the control circuit 27 reads the state 
of the storing circuit 28. 



Next, the control circuit 27 reads the state of the 
operation input unit 8 (S22). The control circuit 27 
calculates the direction after the set time of the capsule 
main body based on the state of the storing circuit 28 and 
the state of the operation input unit 8 (S23). After 
calculation, the control circuit 27 generates waveform data 
serving as a control signal for continuously operating the 
capsule main body until the set time (S24). The control 
circuit 27 records the direction of the capsule main body 
after the set time to the storing circuit 2 8 and transmits 
the generated waveform data to the AC current generating and 
control unit 31 (S25). 

The AC current generating and control unit 31 
continuously adds the (new) waveform data transmitted from 
step S25 to the end of old waveform data transmitted at the 
previous time, and outputs, to the rotating magnetic field 
generating device 4, as the waveform data for driving the 
generation of the magnetic field via the driver unit 32 
(S26). Incidentally, in the initial processing, the 
processing in step S2 6 is null because the old waveform data 
transmitted at the previous time is absent. The waveform 
data is inputted to the AC current generating and control 
unit 31 and, then, the data is continuously added to the end 
of the already-inputted waveform data. 

After the processing in step S26, the control circuit 
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27 returns to the processing in step S21. As mentioned 
above, the processing in the closed loop in steps S21 to S26 
is repeated at the predetermined control cycle. The control 
circuit 27 continuously outputs (magnetically guides) the 
waveform data for controlling the generation of the rotating 
magnetic field, and simultaneously changes the direction of 
the capsule main body in real time. Since the control cycle 
in this case is one sec or less (preferably, not more than 
100 mS), the capsule main body is smoothly guided. 

Therefore, the storing circuit 2 8 continuously stores 
information on the rotating magnetic field generated by the 
rotating; magnetic field generating device 4 and on the 
direction of the magnetic field which forms the rotating 
magnetic field and which periodically changes. 

The present invention is not limited to the case in 
which the storing circuit 2 8 stores the information 
corresponding to the control signal for the rotating 
magnetic field and the direction of the magnetic field from 
the control circuit 27. Further, the magnetic field control 
device 5 side may transmit information which determines the 
direction of the rotating magnetic field and direction of 
the magnetic field actually outputted to the rotating 
magnetic field generating device 4 via the AC current 
generating and control unit 31 and the driver unit 32 in the 
magnetic field control device 5, based on the control signal 
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outputted from the control circuit 27 to the magnetic field 
control device 5, and the information may be stored in the 
storing circuit 28. ~~ x 

Upon starting or stopping the application of the 
rotating magnetic field and in the case of changing the 
direction of the rotating magnetic field (in other words, 
the advancing direction of the capsule main body) according 
to the first embodiment, the rotating magnetic field is 
controlled so that it is continuously changed without the 
operation of sharp force to the capsule main body 3, but 
with the I smooth operation. 

Specifically, the generating direction of the rotating 
magnetic field is the Z direction. Further, reference 
symbols Hx and Hy (abbreviated to X and Y for the purpose of 
brief drawings of Figs. 7A and 7B) denote magnetic field 
components generated by the rotating magnetic field 
generating device 4 along the X and Y directions on the 
plane vertical to the Z direction so as to generate the 
rotating magnetic field. Then, upon starting the 
application of the rotating magnetic field, referring to Fig. 
7A, the strength of the rotating magnetic field is 
continuously increased. Upon stopping the application of 
the rotating magnetic field, referring to Fig. 7B, the 
strength of the rotating magnetic field is continuously 
reduced. 
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Fig. 8 shows the state for applying the rotating 
magnetic field, and further shows that the level of the 
rotating magnetic field continuously increases from the zero 
level upon applying the rotating magnetic field to the 
capsule main body 3 . 

The above-mentioned control operation enables the 
smooth maintaining of the operation of the capsule main body 
3 even upon starting the application of the rotating 
magnetic field and upon stopping the application of the 
rotating magnetic field. 

Preferably, not only the strength of the rotating 
magnetic field but also the rotating frequency of the 
rotating magnetic field continuously changes upon starting 
to applying the rotating magnetic field. Specifically, upon 
starting to apply the rotating magnetic field, the frequency 
of the rotating magnetic field is controlled so that it 
gradually increases. Thus, since the rotating speed of the 
capsule main body is gradually increased, the rotation of 
the capsule main body smoothly starts. Further, upon 
stopping the application of the rotating magnetic field, the 
frequency of the rotating magnetic field is controlled so 
that it gradually reduces. Consequently, since the rotating 
speed of the capsule main body gradually reduces, the 
rotation of the capsule main body smoothly stops. 

Of course, both the frequency and the strength of 
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magnetic field may continuously change. 

According to the first embodiment , upon guiding the 
capsule main body 3 as the medical apparatus main body by 
using the rotating magnetic field, when storing, in the 
storing circuit 28, the information on the current state of 
the rotating magnetic field for determining the advancing 
direction of the capsule main body 3 and changing the 
advancing direction, the rotating magnetic field is 
controlled so that it continuously changes to advance the 
capsule main body 3 in the next advancing direction by 
referring to the information stored in the storing circuit 
28. Thus, the guiding operation of the medical main body 
can be natural. 

The operation with the above-mentioned structure will 
be described according to the first embodiment. 

In the case of examining the body cavity by using the 
capsule main body 3, the patient swallows the capsule main 
body 3 . When the capsule main body 3 inserted in the body 
cavity passes through the esophagus, the illumination is 
performed with the illuminating element 15, the image picked 
up by the image pick-up element 14 is transmitted by radio 
waves to the extracorporeal processing device 6 via the 
radio circuit 22. 

In the processing device 6, the radio circuit 25 
receives image data and the data processing circuit 26 
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stores demodulated image data in an image storing device 
(such as a hard disk), performs the display processing, and 
outputs the processed data to the display device 7, thereby 
displaying the images sequentially picked up by the capsule 
main body 3. 

The operator can estimate the current schematic 
position of the capsule main body 3 based on the image 
displayed on the display device 7 . When it is determined 
that the image of the esophagus is picked up now and the 
portion as an examination target is on the deeper side such 
as the small intestine, it is better to advance the portion 
on the rdute more speedy. In this case, the initial setting 
is performed that the direction of the rotating magnetic 
field generated in the rotating magnetic field generating 
device 4 (direction of the normal direction) is on the 
bottom along the body height of the patient. The spiral 
projection 12 arranged to the capsule main body 3 in this 
case is formed like a right screw while the direction of the 
field of view for the image pick-up operation using the 
image pick-up element 14 is on the front side. 

Upon first operating the direction input device 8a so 
as to generate the rotating magnetic field, the storing 
circuit 2 8 does not store the just-before information 
corresponding to the rotating magnetic field, therefore, the 
control circuit 27 initializes the setting circuit 29, the 



setting screen for the initial setting is displayed on the 
display device 7, and the direction of the rotating magnetic 
field generated in the initial setting is selected and set 
by the operator. The operator first performs the 
instructing operation for setting the generating direction 
of the rotating magnetic field to the bottom side along the 
body height of the patient, thereby storing initial 
generating information of the rotating magnetic field into 
the storing circuit 28. 

The operator previously sets the level of the rotating 
magnetic: field (level (amplitude) of the rotating magnetic 
field on .the magnetic field rotating plane shown in Fig. 8) 
by using the setting circuit 29, and further sets the 
prevention of generation of the rotating magnetic field so 
that the level of the rotating magnetic field is not less 
than the set level. The setting information of the setting 
circuit 29 is stored in the storing circuit 28. The 
operator sets the maximum rotating frequency of the rotating 
magnetic field and the maximum level of the speed for 
changing the direction of the capsule main body, as 
mentioned above. 

Then, the stick Sb shown in Fig. 4A or button Tc shown 
in Fig. 4B in the operation input device 8 is turned off and 
the lever La is turned over. Thus, the control circuit 27 
reads the information stored in the storing circuit 28 and 
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controls so as to generate the rotating magnetic field in 
the bottom side along the body height of the patient. That 
is, the rotating magnetic field generating device 4 
generates the rotating magnetic field via the magnetic field 
control device 5 based on the information read from the 
storing circuit 28. 

In this case, when the down side along the body height 
of the patient is in the Z direction, the rotating magnetic 
field generating device 4 continuously increases the 
magnetic field component forming the generating rotating 
magnetic! field from the null state as shown by the X and Y 
directions in Fig. 7A. When the magnetic field component 
reaches a predetermined level (+Limit in Fig. 7A and -Limit 
in Fig. 7B), the rotating magnetic field generating device 4 
maintains the amplitude thereof. 

When the lever La is inclined, the rotating magnetic 
field is generated with the frequency corresponding to the 
amount of inclining operation. Fig. 7A shows a state in 
which the level (amplitude) of the rotating magnetic field 
upon the generation (application) thereof is changed and 
then reaches a predetermined rotating magnetic field in 
accordance with the operation for inclining the lever La at 
a certain angle for the purpose of a brief drawing. When 
the lever La is inclined further, the rotating magnetic 
field has a short period, that is, a high frequency. 



Here, upon starting and stopping the application of the 
rotating magnetic filed , the frequency may gradually change 
so as to prevent the sharp change in rotating frequency of 
the capsule main body. Alternatively , both the amplitude 
and the frequency may gradually change. 

By extracorporeally applying the rotating magnetic 
field, magnetic torque operates to the magnet 16 included in 
the capsule main body 3 inserted in the body cavity and then 
the capsule main body 3 rotates . The capsule main body 3 
can advance fast so that the screw rotates in the state in 
which the spiral projection 12 arranged to the outer 
peripheral surface of the capsule main body 3 is contact 
with the inner wall. 

The lever La is released and the operation of the lever 
La stops. Then, the lever La automatically returns to the 
center position (with the amount 0 of operation). Referring 
to Fig. 7B, the components of the rotating magnetic field 
are continuously reduced to zero. That is, by continuously 
changing the rotating magnetic field even upon stopping the 
application of the rotating magnetic field, the operation of 
the capsule main body 3 is smoothly or naturally controlled. 

The storing circuit 2 8 always stores the information on 
the state of the rotating magnetic field (direction of the 
rotating magnetic field and direction of the magnetic field), 
and further stores the state of the rotating magnetic field 
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while the lever La is handed off and the application of the 
rotating magnetic field stops. 

Inr-the next operation for applying the rotating - 
magnetic field again , the rotating magnetic field similar to 
that in the case of stopping the application of the rotating 
magnetic field is generated based on the information stored 
in the storing circuit 28. Of course, in this case, the 
rotating magnetic field is controlled so that it 
continuously increases as shown in Fig. 7A. 

According to the first embodiment, upon starting or 
stopping^the application of the rotating magnetic field, the 
level of : the rotating magnetic field continuously changes 
and consequently the force operating to the capsule main 
body 3 continuously changes upon applying or stopping the 
rotating magnetic field. The capsule main body 3 can 
smoothly advance by applying the rotating magnetic field 
with the high speed, and it can be guided to the target 
portion side in a short time. 

The moving speed of the capsule main body 3 increases 
by applying the rotating magnetic field in the esophagus as 
mentioned above. However, when the capsule main body 3 
moves from the stomach to the duodenum, the rotating 
magnetic field may be applied. 

In this case, it is confirmed based on the picked-up 
image that the capsule main body 3 enters the duodenum from 
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the stomach. The capsule main body 3 can move faster by 
applying the rotating magnetic field in the direction of the 
duodenum. In this case, when the direction of the duodenum 
is the Z axis direction, referring to Fig. 7A, the rotating 
magnetic field is applied. Upon stopping the application of 
the rotating magnetic field, the rotating magnetic field 
changes as shown in Fig. 7B. 

General cases are described. Referring to Fig. 6C, the 
capsule main body 3 exists in the three-dimensional space, 
and the front side of the capsule main body 3 in the 
longitudinal direction ( f ield-of -view direction side) is the 
y' direction (referring to Fig. 6C, the perpendicular 
coordinate system (x 1 , y', z') is set so that the front side 
of the capsule main body 3 in the longitudinal direction is 
the y direction). In order to advance the capsule main 
body 3 in the y' direction by the rotating magnetic field, 
the direction of the rotating magnetic field applied (in the 
normal direction) is set to the y' direction and then the 
rotating magnetic field is applied. 

Referring to Fig. 7A, upon applying the rotating 
magnetic field, the magnetic field component forming the 
rotating magnetic field continuously increasingly changes. 
That is, as shown by a thick and spiral line on the top in 
Fig. 8, the rotating magnetic field gradually increases. 

Referring to Fig. 6C, when the advancing direction of 
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the capsule main body 3 changes from the y' direction to the 
y' 1 direction on the top thereof (referring to Fig. 6C, the 
perpendicular coordinate system (x 1 1 , y' ' , z* ' ) is set in 
which the front side of the capsule main body 3 in the 
longitudinal direction is the y 1 • direction), the direction 
input device 8a is operated. For example, by inclining the 
joystick Sa or stick Sc to the hand side, the direction of 
the rotating magnetic field is changed to the y' 1 direction 
as the top side of the y' direction. 

In this case, the stick Sc is inclined to the hand side 
and the iever La is inclined, thereby continuously changing 
the rotating magnetic field. Further, the advancing 
direction of the capsule main body 3 smoothly or naturally 
changes by applying the rotating magnetic field. 

The rotating magnetic field is controlled by the 
control circuit 27. Specifically, referring to Fig. 7A, the 
rotating magnetic field is basically generated based on the 
information on the rotating magnetic field in the y' 
direction stored in the storing circuit 2 8 by referring to 
the input information from the direction input device 8a 
such as the stick Sc so that the y' ' direction becomes the 
direction of the rotating magnetic field (incidentally, 
referring to Fig. 7A, the advancing direction is the Z 
direction and therefore the magnetic field component is 
different from that shown in Fig. 7A) . 
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When the lever La is still inclined and then the stick 
Sc is inclined to the hand side, the control circuit 27 
controls the direction of the rotating magnetic field so 
that it changes to the y' ' direction from the y' direction. 

Specif ically, the control circuit 27 calculates the 
direction (y* ■ direction) of the capsule main body after a 
predetermined time (corresponding to the control cycle) 
based on the information on the rotating magnetic field 
stored in the storing circuit 2 8 and the operation 
information of the direction input device 8a. Next, the 
control Circuit 27 calculates the waveform of the rotating 
magnetic .field for continuously changing the direction of 
the capsule from the y direction to the y' 1 direction so 
that the capsule main body 3 smoothly moves. The control 
circuit 2 7 transmits the calculated waveform data to the AC 
current generating and control unit 31. Thus, the 
continuously changed waveform controls the electromagnets 
33a to 33c, and the direction of the rotating magnetic field 
smoothly and naturally changes in the y 1 " direction. 
Therefore, the direction of the capsule main body smoothly 
and naturally changes in the y 1 ■ direction. 

As mentioned above, according to the first embodiment, 
in the case of changing the advancing direction of the 
capsule main body 3, the rotating magnetic field 
continuously changes by referring to the information on the 
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rotating magnetic field stored in the storing circuit 28. 
Consequently, the advancing direction of the capsule main 
body 3 can smoothly change • 

According to the first embodiment, the operator 
operates the function button 8c, thereby generating the so- 
called jiggling rotating magnetic field so that the 
direction of the rotating magnetic field is periodically de- 
centered. The information on the de-centered angle preset 
by the setting circuit 29 is stored in the storing circuit 
28, the function button 8c is operated, then, the control 
circuit 21 reads the information on the de-centered angle, 
and the rotating magnetic field is generated so that the 
direction of the rotating magnetic field is de-centered by 
the de-centered angle. 

When the capsule main body 3 exists in the luminal 
portion having the diameter larger than the maximum outer 
diameter thereof including the spiral projection 12, only a 
part of the spiral projection 12 is contact with the inner 
wall of the luminal portion and the capsule main body 3 does 
not smoothly move by the normal rotating magnetic field. 

In this case, the operator generates the magnetic field 
having the de-centered direction of the rotating magnetic 
field (hereinafter, referred to a jiggling magnetic field), 
thereby jiggling the capsule main body 3 with the juggling 
magnetic field. Thus, the outer diameter of the capsule 
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main body 3 is substantially (virtually) increased upon the 
jiggling operation and the spiral projection 12 is in 
contact with the inner wall of the luminal portion. As 
compared with the normal rotating magnetic field, the 
capsule main body 3 efficiently advances with the smoothness 
and stability. 

For example, with reference to Fig. 8, referring to Fig. 
8, when the y' direction is the advancing direction of the 
capsule main body 3, the button Ta (or Td) of the function 
button 8c is operated and then the control circuit 2 7 
controls'; the rotating magnetic field in the direction of the 
button Ta (or Td) so that the jiggling magnetic field is 
generated at an angle <|> de-centered from the direction. 
Referring to Fig. 8, the direction yz ' forming the angle <j> 
to the y direction varies with time. In this case, the 
angle § is formed between the direction yz 1 and the y' 
direction (the angle gradually increases from the smaller 
angle until it reaches the angle <|> as follows). 

Upon generating the jiggling magnetic field, the angle 
gradually increases from the level 0 of the rotating 
magnetic field in the y' direction, that is, the jiggling 
magnetic field is generated at the angle which gradually 
increases from that at the small angle. Then, when the 
angle reaches the angle <|>, the jiggling magnetic field 
maintains . 
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Like the operation just before the spinning top falls, 
the capsule main body 3 changes to a state in which the core 
of the capsule main body 3 gradually and increasingly 
jiggles from the small rotating jiggle state, that is, the 
capsule main body 3 continuously changes from the jiggling 
at the small angle to the jiggling at the large angle, when 
it enters the jiggling state with the predetermined angle <j>, 
and the capsule main body 3 maintains the state. 

When the direction input device 8 comprises a PC or the 
like, various parameters of the jiggling can arbitrarily be 
set. ; 

As a result of the jiggling operation, the capsule main 
body 3 can advance while the luminal portion having the 
inner diameter larger than the outer diameter of the capsule 
main body 3 is stable. Further, as the result of the 
jiggling, the image pick-up range is substantially wide and 
the image of the inner wall of the luminal portion can 
widely be picked up. 

By operating the button Tb for stopping the jiggling 
operation in the function button 8c, on the contrary to the 
foregoing, the state changes from the jiggling magnetic 
field at the angle <|> to the jiggling magnetic field at the 
gradually reduced angle. Further, the level of the magnetic 
field gradually reduces. 

As mentioned above, according to the fist embodiment, 
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since the jiggling magnetic field is generated, the magnetic 
field can stably be generated without manually jiggling or 
- "shaking"- operation of operating means corresponding to the 
direction input operating device 8a so as to conventionally 
generate the jiggling magnetic field, and the operability is 
remarkably improved. 

In the above description, the jiggling magnetic field 
is generated by operating the function button 8c after 
stopping the rotating magnetic field- However, when the 
function button 8c is operated during applying the rotating 
magnetic * field, the angle is gradually increased from the 
state of .the rotating magnetic field and the jiggling 
magnetic field is generated to maintain the state at the 
angle <|>. In such a state, the button for stopping the 
jiggling is operated and then the opposite operation is 
executed. 

According to the first embodiment, the rotation of the 
capsule main body 3 results in the rotation of the image 
picked up by the image pick-up element 14. Therefore, if 
the image in this state is displayed on the display device 7, 
the displayed image becomes the rotated image and the 
operability for instructing the desired direction by using 
the direction input device 8b is reduced. The rotation of 
the displayed image needs to be stopped. 

Then, according to the first embodiment, the processing 



shown in Figs, 9 and 10 is performed in order to correct the 
rotated image as will be described later so that the image 
whose rotation is stopped is obtained (namely, to cancel the 
rotation of the displayed image) (incidentally, Japanese 
Patent Application No, 2002-105493 describes this in detail) 

The capsule main body 3 sequentially picks up the 
images on time series and stores digital video signals in 
the memory 21. Under the control of the control circuit 27 
in the processing device 6, the digital video signals are 
stored as image data in an inner memory of the data 
processing circuit 26 via the radio circuits 22 and 25. In 
this case, the control circuit 27 in the processing device 6 
stores magnetic field data containing the direction of the 
rotating magnetic field and the direction of the magnetic 
field upon picking up the image data, correlated with the 
image data stored in the inner memory. 

The inner memory sequentially stores a plurality of 
pieces of image data containing first image data, second 
image data, n-th image data and further stores a 
plurality of pieces of the magnetic field data correlated 
with the image data, containing first magnetic field data, 
second magnetic field data, and n-th magnetic field data. 

Referring to Fig. 9, in step SI, the control circuit 2 7 
in the processing device 6 initializes parameters 9 
(rotating angle of the total images) and n (image number) 
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and sets 0 = 0 and n = 1. In step S2, the control circuit 
27 reads the n-th image data stored in the inner memory. In 
step S3, the n-th magnetic field data containing the 
direction of the rotating magnetic field and the direction 
of the magnetic field in this case (first magnetic field 
data in this case) is read from the inner memory. 

Then, in step S4, the control circuit 27 sets the n-th 
image data 1 as the first corrected image data and the n-th 
image data 11 as the second corrected image data to image 
data equal to the n-th image data. In step S5, the control 
circuit 27 controls the data processing circuit 26, and 
displays the displayed image based on the n-th image data ■ ' 
on the display device 7 . 

In step S6, the control circuit 27 increments n by 1 . 
In step S7, the control circuit 2 7 reads the n-th image data 
(second image data in this case) stored in the inner memory. 
In step S8, the control circuit 27 reads, from the inner 
memory, the n-th magnetic field data (second magnetic field 
data in this case) containing the direction of the rotating 
magnetic field and the direction of the magnetic field. In 
step S9, the control circuit 27 calculates the rotating 
angle AG of the n-th image and the (n-l)-th image. 
Specifically, referring to Fig. 11, B 1 (x 1 , y 1 , z 1 ) represents 
the direction of the rotating magnetic field of the first 
magnetic field data as the magnetic field data of the first 
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image data, R* (X 1 , Y 1 , Z 1 ) represents the normal direction of 
the rotating magnetic field , B 2 (x 2 , y 2 , z 2 ) represents the 
direction of the rotating magnetic field of the second 
magnetic field data as the magnetic field data of the second 
image data, and R 2 (X 2 , Y 2 , Z 2 ) represents the normal 
direction of the rotating magnetic field. 

The advancing direction of the capsule main body 3 
gradually changes. If the angle between B 1 and B 2 is simply 
the rotating angle, the actual rotating angles cannot match. 
Then, in consideration of the change in advancing direction 
of the capsule main body 3 for the rotating angle, referring 
to Fig. 11, the rotating angle A6 represents the angle 
formed between the normal vector N 1 of R 1 and B 1 and the 
normal vector N 2 of R 2 and B 2 . 

The rotating angle A9 is obtained as follows. 

N 1 = (y x Z x - Y 1 z 1 f z^ 1 - Z 1 x 1 f x^ 1 - xV) 

N 2 = (y 2 Z 2 - Y 2 z 2 , z 2 X 2 - Z 2 x 2 , x 2 Y 2 - X 2 y 2 ) 

The normal vectors N 1 and N 2 are unit vectors and 
therefore the rotating angle A0 is calculated as follows. 

A0 1 2 = cos" 1 {(y 1 Z 1 - Y 1 z 1 )(y 2 Z 2 - Y 2 z 2 ) 

As time passes, the rotating angle can be calculated by 
sequentially obtaining A9 1 ' 2 , A8 2 " 3 , ...A8 (n " 2) * (n " X) , and A6 (n " 

1) n 

* 

The total rotating angle 6 is the sum of the above 
angles and is represented by 0 = 2A9 (k ~ 1> k « Therefore, in 



step S10, the control circuit 27 sets (6 = 6 + A8) to the 
total rotating angle. For example , the second image becomes 
the image which is obtained by rotating the first image in 
the direction in the drawing at (the rotating angle 6 + 
error) . The error is a rotating-angle error between the 
rotating angle of the capsule main body 3 caused by the load 
of the rotation of the body wall and the spiral projection 
12 of the capsule main body 3 and the rotating angle of the 
magnetic field forming the rotating magnetic field. 

In step Sll, the control circuit 27 sets the n-th image 
data' as the first corrected image data to the image data 
which is obtained by rotating the n-th image data by the 
angle (-6). Thus, for example, the second image 1 is 
obtained, serving as the first corrected image without 
considering the error. 

Next, the processing routine shifts to step S12 in Fig. 
10. In step S12, the control circuit 27 executes the well- 
known correlation calculation of the n-th image data and the 
(n-1) image data, and obtains the correlation coefficient 
with the rotating angle correcting amount (<|>n). In step S13, 
the control circuit 2 7 determines whether or not the 
correlation coefficient is higher than a predetermined 
threshold. As the result of determination, it is determined 
whether or not the rotating angle error is ignored. 

If the correlation coefficient is not higher than the 
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predetermined threshold, in step S14, the control circuit 27 
sets the n-th image data f 1 as the second corrected image 
data to the n-th -image data 1 as the first corrected image 
data and the processing routine shifts to step S17. If the 
correlation coefficient is not higher than the predetermined 
threshold, that is, when the image sharply changes, the 
result of the correlation processing is not used. Then, at 
the timing of performing the processing in step Sll (setting 
the n-th image data 1 as the first corrected image data to 
the image data obtained by rotating the n-th image data by 
the angle (-0), the correction for the image rotation 
completes . 

If the correlation coefficient is higher than the 
predetermined threshold, in step S15, the control circuit 27 
sets the image data obtained by rotating, by the angle (-<j>n), 
the n-th image data 1 ' as the second corrected image data = 
the n-th image data 1 as the first corrected image data. 
Thus, for example, the second image 1 ■ as the second 
corrected image is obtained. In step SI 6, the total 
rotating angle 0 is set to (0 + <|>n) and the processing 
routine shifts to step S17. 

In step SI 7, the control circuit 27 controls the image 
processing circuit 32 and displays, on the display device 5, 
the displayed image for which the correction for rotation is 
completed based no the n-th image data 1 '. The processing 
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routine returns to step S6 in Fig. 9. 

The image displayed on the display device 7 has a 
circular contour. Thus, the image rotation processing is 
displayed without the user's consciousness. 

When the driving frequency of the capsule is 
approximately equal to the frequency for obtaining and 
displaying the capsule image, the image is not theoretically 
rotated and therefore the step of correcting the image 
rotation as mentioned above may be omitted. 

Further, in this case, the image displayed on the 
display device 7 may not be circular. If it is rectangular, 
square, or octagonal, the pixel of the image pick-up element 
is effectively used and displayed. 

According to the first embodiment, upon applying the 
rotating magnetic field and stopping the application thereof 
and upon changing the direction of the rotating magnetic 
field, the rotating magnetic field continuously changes and 
therefore the operation of the capsule main body 3 such as 
movement is smoothly performed. 

In place of swallowing the capsule main body 3, after 
inserting the capsule like a suppository in the rectum from 
the anus of the patient, the image pick-up element may 
magnetically be guided so as to examine the portion from the 
ileum such as the large intestine or small intestine to the 
jejunum. 
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(Second embodiment) 

Next, the second embodiment of the present invention 
will be described with reference to Figs. 14 to 17 r . 

Referring to Fig. 14, a capsule medical apparatus 
guiding system IB according to the second embodiment 
comprises a capsule main body 3B comprising an oscillator 41 
and a coil 42 for generating an AC magnetic field around it 
by an output signal from the oscillator 41 which are 
arranged in the capsule main body 3 in the capsule medical 
apparatus guiding system 1 shown in Fig. 1. 

The 'capsule main body 3B externally has: a 
direction/position detecting device 43 which detects the 
direction of the capsule main body 3B in the longitudinal 
direction based on the AC magnetic field from the coil 42 
and further detects the position thereof; a magnetic pole 
sensor 4 4 which detects the direction of the magnet 16 
included in the capsule main body 3B; and a (magnet) 
direction detecting device 45 which detects the direction of 
the magnet based on the output from the magnetic pole sensor 
44. 

Fig. 15 shows the capsule main body 3B according to the 
second embodiment. Referring to Fig. 15, the capsule main 
body 3B is formed so that the coil 42 is accommodated in the 
capsule main body 3 shown in Fig. 3A near the rear end of 
the exterior container 11 to be wound in a predetermined 
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direction set to the longitudinal direction of the capsule 
main body 3B, specifically, like solenoid. The 
direction/position detecting device 43 comprises a plurality 
of sense coils for detecting the AC magnetic field and 
detects the direction and the position of the coil 42 based 
on the signals detected by the sense coils. The magnetic 
pole sensor 44 comprises a plurality of magnetic pole 
sensors 44 and detects the direction of the magnetic field 
pole of the magnet 16 based on output signals from the 
plurality of magnetic pole sensors. Further, the direction 
such as the front side of the capsule main body 3 in the 
longitudinal direction can be detected based on the 
arrangement of the magnet 16 and the coil 42 arranged in the 
capsule main body 3. The magnet 16 may be arranged to one 
end portion in the longitudinal direction of the capsule 
main body 3. 

In place of the coil 42, an antenna may be used, then, 
radio waves radiated by the antenna are received by the 
direction/position detecting device 43, and the direction 
and position in the longitudinal direction of the capsule 
main body 3B are detected. 

The information detected by the direction/position 
detecting device 4 3 and the direction detecting device 45 is 
inputted to the control circuit 27 in the processing device 
6. 
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When the operation input device 8 is operated, the 
control circuit 27 generates the rotating magnetic field and 
controls the direction of the generated rotating magnetic 
field based on the information stored in the storing circuit 
28 and the information detected by the direction/position 
detecting device 43 and the direction detecting device 45. 

According to the second embodiment, upon displaying the 
image picked up by the capsule main body 3B on the display 
device 7 , the image is displayed as shown in Fig. 15. 

That is, an image display area a on the right of the 
display screen displays the image picked up by the capsule 
main body 3B. The left side of the display screen displays 
a schematic body shape 2 of the patient. At the schematic 
position in the body shape 2 where the capsule main body 3B 
is detected, an image 3c indicating the outer shape is 
displayed together with a directional cursor k indicating 
the front direction of the capsule main body 3B in the 
longitudinal direction. 

Similarly to the first embodiment, the image display 
area a displays the image picked up by the image pick-up 
element 14 while the forward side of the image pick-up 
element 14 is in the up direction. In this case, the 
rotation of the capsule main body 3B is corrected and 
displayed according to the method described according to the 
first embodiment. However, according to the second 
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embodiment, the direction detecting device 45 detects the 
direction of the magnet 16 , therefore, the direction for 
displaying the image is determined by using the detected 
output, the image rotation processing is performed, and the 
image is displayed as shown in Fig, 16. 

According to the second embodiment, with the above- 
mentioned structure, it is possible to detect the direction 
of the capsule main body 3B (including both the longitudinal 
direction and the vector direction at which an edge cover 
11a is on the front side) and the direction of the magnetic 
pole of 1:he magnet 16. Basically, when the information on 
the rotating magnetic field in the storing circuit 28 is not 
used and the operation is inputted such as changing the 
direction of the capsule main body 3B, the capsule main body 
3B smoothly changes in the instructed direction. 

Therefore, according to the second embodiment, those 
are combined, thereby selecting and operating an operation 
mode from a plurality of modes which are previously set by 
the setting circuit 29. 

Hereinbelow, typical operation modes will be described. 

In a first mode, means for counting time by a timer 
(not shown) is provided. A basis time of a time interval 
relatively shorter set by the setting circuit 29 is set as 
the basis, the direction of the rotating magnetic field is 
changed at the time interval shorter than the basis time, 



- 46 - 

and the application of the rotating magnetic field is 
instructed again after stopping the application of the 
rotating magnetic field. Then, the control circuit 27 
performs the control operation in accordance with the 
instruction input based on the information stored in the 
storing circuit 28. 

That is, upon issuing the instruction for changing the 
direction of the rotating magnetic field within the short 
time interval, the state does not nearly change from the 
information stored in the storing circuit 28 just before it. 
Therefore, the error is small without using the information 
on the capsule main body 3B detected by the 
direction/position detecting device 43 and the same 
operation and advantages as those according to the first 
embodiment are obtained. 

Upon issuing the instruction for changing the direction 
of the rotating magnetic field after the time interval 
longer than the time interval of the basis time, the 
direction of the capsule main body 3B might greatly be 
changed. The control circuit 27 controls the operation so 
that the advancing direction of the capsule main body 3B 
smoothly changes by using the information on the direction 
and position of the capsule main body 3B detected by the 
direction/position detecting device 4 3 and the information 
on the direction of the magnet 16 detected by the direction 
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detecting device 45. 

Upon changing the advancing direction (thrust 
generating direction) of the capsule main body 3B, as ^ 
described above according to the first embodiment , the 
application or updating of the rotating magnetic field is 
continuously changed, thereby smoothly changing the 
advancing direction of the capsule main body 3B. 

In the first mode, as mentioned above, the detecting 
means of the direction of the capsule main body 3B is 
provided. When the rotating magnetic field is applied again 
after the rotating magnetic field to the capsule main body 
3B is stopped and a long time passes and when the direction 
of the capsule main body 3B changes after the rotating 
magnetic field is stopped and then a long time passes, the 
proper rotating magnetic field is applied based on the 
information detected by the detecting means, such as the 
direction of the capsule main body 3B, and the capsule main 
body 3B can smoothly advance and the direction thereof may 
smoothly change. 

The operation in this case will briefly be described 
with reference to Fig. 17. Referring to Fig. 17, the 
position of the capsule main body 3B is indicated by a 
vector 51 (tl) at a time tl at which the application of the 
rotating magnetic field to the capsule main body 3B is 
stopped. At a time t2 after a certain time passes from the 
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time tl, the capsule main body 3B shifts to a vector 52 (t2) . 

When the operation of the direction input device 8a 
enables the instruction input for applying the rotating 
magnetic field which advances the capsule main body 3B in an 
advancing direction s at the time t2, the control circuit 27 
smoothly guides the capsule main body 3B by continuously 
changing the rotating magnetic field corresponding to the 
direction of the capsule main body 3B at the time t2 to the 
rotating magnetic field in the advancing direction s (not 
the rotating magnetic field in the direction corresponding 
to that of the capsule main body 3B at the time tl) based on 
the information detected at the time t2 (or time just before 
it ) . 

In a second mode, the storing circuit 28 sequentially 
stores the information detected by the direction/position 
detecting device 43 and the direction detecting device 45, 
and updates the previously-stored information. Further , 
when the operation input device 8 performs the operation 
input, the control circuit 27 implements the operation 
corresponding to the operation input based on the 
information stored in the storing circuit 28. 

In this case, the information stored in the storing 
circuit 28 reflects the state of the capsule main body 3B 
practically in real time. The information is stored in the 
storing circuit 28 so as to correct the direction in the 



- 49 - 



neutral state from the direction input device 8a and thus 
the operability is improved. 

The operation result in this mode is almost -the same as 
the operation result described in the first mode. However, 
the operation is controlled so that the state corresponding 
to the current state of the capsule main body 3B is changed 
to the state corresponding to the operation input (it is not 
necessary to consider the state change of the capsule main 
body 3B during the time for no magnetic guiding) and 
therefore the operability is improved. 

According to the second embodiment , if the state of the 
capsule main body 3B is changed during the time for no 
magnetic guiding, the magnetic guiding is smoothly and 
stably performed. 

According to the second embodiment, the means for 
detecting the direction of the capsule main body 3B is not 
limited to the means using the AC magnetic field generated 
by the coil 42. The direction of the capsule main body 3B 
may be detected by an X-ray transmitting apparatus or it may 
be detected by using ultrasonic waves from an ultrasonic 
diagnostic apparatus. 

In the foregoing, the direction of the capsule main 
body 3B and the direction of the magnetic pole of the magnet 
16 are detected. In the case of continuously changing the 
rotating magnetic field, the information on the direction of 
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the magnetic pole of the magnet 16 is not always necessary 
(for example, referring to Fig. 7A, when continuously 
changing (the component magnetic field of) the rotating 
magnetic field to be large from zero, the operation force is 
changed to gradually be increased from zero at the timing 
for applying the rotating magnetic field and therefore the 
information on the direction of the magnetic pole of the 
magnet 16 is not necessary) . 

In the case of changing the direction of the capsule 
main body 3B, it is possible to recognize the direction of 
the magnet 16 arranged to the capsule main body 3B by the 
direction of the magnetic field during applying the rotating 
magnetic field. Thus, the information on the magnetic pole 
sensor 44 is not necessary. In the case of moving the 
capsule main body 3B while changing the direction thereof 
from the still state, the information on the magnetic pole 
sensor 4 4 is not necessary by starting the capsule main body 
3B as shown in Fig. 7A. 

Further, the information on the direction of the 
capsule main body 3B from the direction/position detecting 
device 43 is recognized by the direction of the rotating 
magnetic field during applying the rotating magnetic field. 
Therefore, the operation of the direction/position detecting 
device 43 may be interval operation in which the OFF 
operation is performed during applying the rotating magnetic 
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field and in another case, the ON operation is performed. 

In the description, the medical apparatus main body is 
the capsule main body 3 or 3B comprising the capsule . . 
endoscope including the image pick-up element 14. However, 
the capsule medical apparatus main body may be used as a 
drug spray one for the cure or treatment as shown in Fig. 18. 
That is, in a capsule medical apparatus 60, a capsule main 
body 63 having the spiral projection 12 on the outer 
peripheral surface has a drug accommodating unit 61. The 
drug accommodating unit 61 has a drug spreading opening 
portion 61a arranged on the edge side so as to spread the 
drug accommodated in the drug accommodating unit 61. Fig. 
18 shows the capsule medical apparatus 60 in the small 
intestine 55. 

Further, the capsule medical apparatus 60 can extract 
the body fluid. 

That is, the capsule medical apparatus 60 has a body 
fluid injecting opening portion 62a so as to extract the 
body fluid in a body fluid accommodating unit 62 in the 
capsule main body 63. The opening and closing of the 
opening portions 61a and 62a are performed under the 
communication control of the processing device 6. Therefore, 
an input device (not shown) such as a keyboard for 
instruction operation is connected to the control circuit 2 7 
in the processing device 6. By operating the input device, 
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a control signal is transmitted to the capsule medical 
apparatus 60 so as to control the opening and closing 
operation of the opening portions 61a and 62a • 

Thus, the capsule medical apparatus 60 can discharge 
and spread the drug in the drug accommodating unit 61 at the 
target portion from the drug spreading opening portion 61a. 
Further, the capsule medical apparatus 60 can extract the 
body fluid from the body fluid injecting opening portion 62a 
in the body fluid accommodating unit 62. 

Of course, the drug accommodating unit 61 may 
accommodate the drug, a hemostatic agent for stopping the 
bleeding, a magnetic fluid that is safe to the living body 
for determining the bleeding portion from the outside, and a 
fluorescer so as to spread them at the target portion. 

The capsule medical apparatus 60 may mix the drug in 
the drug accommodating unit 61 to the body fluid extracted 
from the body fluid injecting opening portion 62a, discharge 
it from the drug spreading opening portion 61a, and spread 
it. The capsule medical apparatus 60 matches the center of 
gravity with the center axis of the capsule main body 63 in 
the longitudinal direction. 

The magnetic field generated by the external magnetic 
field generating means is used as the rotation driving means 
for rotating the capsule medical apparatus (hereinafter, 
referred to a capsule) in the foregoing. However, the 
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present invention is not limited to this and another 
rotation driving means may be used. 

As the means for -rotating the capsule, a dielectric 
member (for polarization such as a capacitor) is arranged to 
the capsule and thus the electric field is externally 
rotated and applied , thereby rotating the capsule. 

In the case of not the capsule medical apparatus , but a 
medical apparatus with a shaft, a thick winding flexible 
shaft used for the ultrasonic probe is rotatable in the 
shaft , and a motor on the hand side is rotated , thereby 
rotating I and advancing the capsule. 

In this case, the mutual operation of the magnetic 
force may change the advancing direction of the medical 
apparatus. The direction of the medical apparatus may be 
changed by arranging a bending mechanism to the shaft 
portion. An actuator may be arranged to operate a bending 
mechanism for the jiggling/ and the jiggling operation may 
be performed by repeating the bending mechanism. 

The medical apparatus according to the present 
invention is not limited to the capsule medical apparatus 
and can widely be applied to medical apparatuses having an 
inserting portion which is inserted in the living body. 

In place of including the battery, energy may 
extracorporeally be supplied by microwaves and magnetic 
force to drive circuits in the capsule or power may 
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extracorporeally be supplied by a cable. 

Having described the preferred embodiments of the 
invention referring to the accompanying drawings , it should 
be understood that the present invention is not limited to 
those precise embodiments and various changes and 
modifications thereof could be made by one skilled in the 
art without departing from the spirit or scope of the 
invention as defined in the appended claims. 



